To show directly that the protein fragment used for crystallization retains the ability to bind DNA and to quantify the equilibrium dissociation constant (K d ) for the interaction, we performed electrophoretic mobility shift assays assessing λQ FL and λQ and DNA fragments carrying the wild-type QBE or a mutant QBE containing a base-pair substitution, T-22G, that disrupts λQ-QBE interaction (Guo and Roberts, 2004 Western blot using an antibody against λQ (green), and, to control for sample loading, an antibody against the C-terminal domain of the α subunit of RNAP (red). Cells were grown using medium containing 100 µM IPTG.
B. Cartoon depicts test promoter pQBE-49, which contains a QBE centered at position -49 relative to the transcription start site (arrow). The QBE is located one base pair upstream of the TTGACT motif, which serves as the -35 element for pQBE-49. In the case of pQBE-49, interaction between QBE-bound λQ and σR4 activates transcription. In reporter strain BN258 cells, test promoter pQBE-49 is located on an F' episome and drives the expression of a linked lacZ gene. Graph shows the ratio of β-galactosidase activity observed in assays performed with BN258 cells containing α-λQ compared to α alone. Hatched bars indicate that the α-λQ fusion contained substitution E134K. Cells were grown using medium containing 5 µM IPTG. This work pACλCI-β flap placUV5-directed synthesis of λCI fused via three alanines to residues 831-1057 of the β subunit of E. coli RNAP (Deighan et al., 2008) pACλCI-β flap Δ900-909
placUV5-directed synthesis of λCI fused via three alanines to residues 831-1057 of the β subunit of E. coli RNAP, residues 900-909 of the β moiety of the fusion have been deleted (Deighan et al., 2008) pACλCI placUV5-directed synthesis of the λCI protein (Dove et al., 1997 ) pBRα placUV5-and plpp-directed synthesis of the α subunit of RNAP (i.e. tandem promoters) (Dove et al., 1997) pBRα-λQ FL placUV5-and plpp-directed synthesis of the αNTD (residues 1-248 of the α subunit of E. coli RNAP) fused via three alanines to amino (Deighan et al., 2008) acids 1-207 of λQ pBRα-λQ FL *** pBRα-λQ FL containing substitutions T101I, A160V, and T165A in the λQ moiety of the fusion (Deighan et al., 2008) pBRα-λQ Identification of these regions, by either experimental or computational methods, is a fundamental step in the NESG structure production pipeline, allowing the rational design of protein constructs that have improved expression, better solubility, improved crystallization, and which provide better quality NMR spectra (Huang et al., 2013; Rossi et al., 2010) . DISMETA (Huang et al., 2013 ) runs a wide range of disorder prediction software, including DISEMBL (Linding et al., 2003a) , DISOPRED2 (Ward et al., 2004) , DISPro (Cheng J., 2005) , FoldIndex (Prilusky et al., 2005) , GlobPlot2 (Linding et al., 2003b) , IUPred (Dosztanyi et al., 2005) , RONN (Yang et al., 2005) , and VSL2 (Peng et al., 2006) . A prediction of disorder that exceeds certain confidence thresholds is counted as a "hit" and a summation of these hits are plotted above the corresponding amino acid in the protein sequence. The DisMeta Server also provides sequence-based structural prediction results from other bioinformatics software, including PROF (Rost et al., 2004) , PSIPred (Jones, 1999) , SignalP (Emanuelsson et al., 2007) , TMHMM (Krogh et al., 2001) , Coils (Lupas et al., 1991) , and SEG (Wootton and Federhen, 1996) .
The full-length protein sequence of λQ (REGQ_LAMBD) was submitted to the DISMETA metaserver (Huang et al., 2013) , which provides an in silico basis for construct design (http://www-nmr.cabm.rutgers.edu/bioinformatics/disorder/). Figure S1A illustrates predictors of secondary structure, protein binding, and low-complexity regions, and Figure S1B shows the result of eight disorder predictors. More than half of the polled predictors of disorder identify residues 1-28 as likely to be disordered while SEG analysis (Wootton and Federhen, 1996) identified a low complexity region encompassing residues 35-52. On the basis of these analyses we designed two constructs with N-terminal truncations and tested these for solubility upon overexpression in Escherichia coli. One of these constructs, λQ , started at residue 30, just outside of the predicted disordered region, while the other construct, λQ , started at residue 39, the terminus of a PSIPred (http://bioinf.cs.ucl.ac.uk/psipred/) predicted α-helix. λQ yielded a soluble protein sample in small-scale tests of expression and solubility while λQ did not. Hence, the crystal structure described below was determined with construct λQ 39-207 , which includes residues 39-207.
Protein purification
The λQ 39-207 from Enterobacteria phage lambda (NESG ID OR18A) was cloned into a pET21 (Novagen) derivative, yielding the plasmid OR18A-39-207-21.1. This expression vector is available from the Protein Structure Initiative Materials Repository (http://psimr.asu.edu/). The resulting construct contains eight nonnative residues at the C-terminus (LEHHHHHH) that facilitate protein purification. The cells were induced overnight at 17 °C using 1mM IPTG after growth at 37 °C to mid log phase in MJ9 minimal medium supplemented with selenomethionine.
Cells were lysed by sonication in Binding Buffer (50 mM Tris-HCl, 500 mM NaCl, 40 mM imidazole, and 1 mM tris-(2-carboxyethyl) phosphine hydrochloride, pH 7.5), and centrifuged at 27,000 x g for 40 min at 4 °C. The supernatant was loaded onto an AKTAxpress system (GE Healthcare) for an automated two-step Ni++ affinity chromatography and gel filtration purification (using Superdex G75) procedure. The final sample of selenomethionine enriched OR18A was prepared for crystallization screening at a concentration of 4.3 mg/ml in low salt buffer containing 10 mM Tris-HCl (pH 7.5), 100 mM NaCl, 5 mM DTT, and 0.02% NaN 3 . These methods resulted in a 15 mg / L final yield of purified OR18A (> 95% homogenous by SDS-PAGE; 19.827 kDa by MALDI-TOF mass spectrometry).
Electrophoretic mobility shift assays
Fluorescence-detected electrophoretic mobility shift assays were performed using reaction conditions as in (Guo and Roberts, 2004) and procedures as in (Mukhopadhyay et al., 2004 Figure S2A ), 2.5 µg/ml sonicated calf thymus DNA (Worthington Biochemical, Inc.), 20 mM Tris-HCl (pH 8.0), 25 mM KCl, 1 mM dithiothreitol, 0.1 mM EDTA, 0.4 mg/ml bovine serum albumin, and 12% glycerol. Following 15 min at 24°C, reaction mixtures were applied to 5% polyacrylamide slab gels (29:1 acrylamide/bisacrylamide; 6 x 9 x 0.1 cm) and electrophoresed in 65 mM Tris, 45 mM boric acid and 1.25 mM EDTA (20 V/cm; 25 min at 4°C) and analyzed using an x/y fluorescence scanner (Typhoon; GE Healthcare, Inc.).
Western blot analysis
BN 258 cells containing a plasmid directing the synthesis of λQ FL , λQ 39-207 , λQ 62-207 , α-λQ FL , α-λQ 39-207 , α-λQ or no λQ were grown using medium containing 100 µM IPTG. Cell lysates derived from equivalent numbers of cells were separated on a 4-12% Bis-Tris gel (Life Technologies) and transferred to a low fluorescence PVDF membrane (Immobilon-FL, EMD Millipore). Membranes were blocked in 5% dried milk in 1X PBS, and then probed using a mixture of primary antibodies followed by a mixture of secondary antibodies that enabled the simultaneous detection of λQ and, as a loading control, the wild-type α subunit. The primary antibodies were a rabbit anti-λQ antibody (gift of Jeff Roberts) and a mouse anti-α antibody (Neoclone). The secondary antibodies were a fluorescently conjugated goat anti-rabbit antibody and a fluorescently conjugated goat anti-mouse antibody (Li-Cor). Protein bands were visualized with an Odyssey Imager (Li-Cor).
